Petrographical and geochemical study, consistent with observed field relations show that the Boula Ibi syn-and post-kinematic granitoids in north Cameroon, occurred in banded gneisses. These syn-and post-kinematic granitoids consist of deformed monzonites typified by its granoblastic texture, diorites, syenites, granites and basic xenoliths of dioritic and monzonitic composition. They are calc-alkaline, hyperpotassic, metaluminous to slightly peraluminous and I-Type granitoids. They display high content in Fe 2 O 3 + MgO + CaO (2.16 -23.24 %) that reveals their intermediate affinity, magnesian and metaluminous character whilst the low A/CNK (< 1.1) content indicates their mantle origin. Harker diagrams and La/Sm vs La define the fractional crystallization and partial melting as the two main processes that led the geodynamic evolution of the Boula Ibi syn-and post-kinematic granitoids. These are consistent with low-content of Cs, Ta, Nb, Tb and Hf, supporting high melting rates ranging between 20 and 40% as well as molar Al 2 O 3 /(MgO + FeOt) vs CaO/(MgO + FeOt) plot showing magmatic evolutions from metabasaltic and metagreywackes sources.
Introduction
The Pan African Central Fold Belt (PACFB) located between the West African craton, Congo/Sao-Francisco craton and Saharan metacraton, is a large domain that has been remobilized during the Pan African orogeny following the collision of above cratons between 700 and 500 Ma (Castaing et al., 1994; Abdelsalam et al., 2002) . In Cameroon, this fold belt is divided into three major domains: the Yaoundé Domain in the South, the Adamawa Yade Domain in the Center, and the North Domain (Toteu et al., 2004; Van Schmus et al., 2008) . Several granitoids within the three domains have been classified as pre-, syn-to post-kinematic (Kwekam, 1993; Nguiessi Tchankam et al., 1994; Toteu et al., 2001; Tagne Kamga, 2003; Nzolang et al., 2003; Njanko et al., 2006; Djouka-Fonkwe et al., 2008; Njiekak et al., 2008; Kouankap et al., 2010; Kankeu et al., 2012) . These granitoids cover a broad spectrum of composition that ranges from diorites to leucogranites and display great diversity in their origin, sources and evolution processes, and thus can be used as indicators of geodynamic environments and, in some cases as tracers of geodynamic evolution (Hutton et al., 1990; Barbarin, 1999) .
The Boula Ibi Region (BIR) is located in the western side of the metavolcano sedimentary Bibemi-Zalbi basin (Figure 1b) within the North Domain that includes medium to high grade schists and gneisses of Neoproterozoic age; pre, syn to late Pan-African granitoid units and post tectonic granitoids (Toteu et al., 2004; Dawaï et al., 2013; Dawaï, 2014; Tchameni et al., 2015) . However, the Boula Ibi area that includes several granitoids and seems to be a suitable area for petrology and geodynamic evolution of granitoids is still poorly known.
The objective of this study is to characterize and constraint the petrogenesis and evolution of the granitoids in the Boula Ibi area using major, trace and REE composition obtained by ICP-MS. 
Geological Setting
The NCD domain in which the BIR is bordered in (1) the south and south west by the Tchollire-Banyo fault (Louis, 1970; Pinna et al., 1994; Pouclet et al., 2006; Ngako et al., 2011; Bouyo et al., 2015) , to (2) the East by the south-western Tchad domain (Penaye et al., 2006; Isseini et al., 2012; Bouyo et al., 2015) and (3) to the west by the east Nigerian domain (Ferré et al., 1998; Ekweme et al., 1997) .
The NCD is the northern part of the Pan-African Oubanguide complex of North Equatorial Fold Belt (Toteu et al., 2004; Van Schmuss et al., 2008) . It consists of low-to high-grade metapelites, metabasalts, pre-, syn-and post-tectonic granitoids and post-Pan-African volcano-sedimentary cover (Béa, 1986; Ngako, 1986; Bassahak, 1988; Njel, 1988; Toteu et al., 1987; Toteu et al., 2004) . Low-to high-grade metapelites belong to the Poli greenstone belt, the Rey Bouba and Bibemi-Zalbi formations. They derive from mafic to intermediate and felsic volcano-sedimentary materials (Pinna et al., 1994; Toteu et al., 1990; 2004; Bouyo et al., 2015) , with tholeiitic basalt affinity and calc-alkaline rhyolite protholiths emplaced in extensional crustal environment (Ngako, 1986; Njel, 1988; Toteu et al., 1990) . Metabasalts and epiclastites from the Bibémi-Zalbi formations derived from transitional to calc-alkaline andesite and andesitic basalts (Doumnang, 2006; Isseini, 2011; Bouyo et al., 2015) . Pre, syn to late tectonic granitoids can be differentiated into calc-alkaline diorite, granodiorite and granite, dissected felsic or mafic dykes (Toteu et al., 2004) . Post Pan-African sedimentary and volcanic rocks define sedimentary basins including such as molassic Pan-African deposits as the Mangbei basin which has experienced no or little metamorphism (Bea et al., 1990 ).
The NCD is affected by two phases of deformation D 1 and D 2 (Ngako et al., 1990; Nzenti et al., 1992; Toteu et al., 2004) . D 1 phase strongly overprinted by D 2 , is locally preserved by relics of S 1 flat lying foliation in schists and gneisses. Variation in dip angles is associated to isoclinal fold, rotational structures with a N110°E sub horizontal stretched lineation locally preserved (Nzenti et al., 1992; Toteu et al., 2004) , outlining the Poli Group tangential D 1 phase (Nzenti et al., 1992) . D 2 phase is marked by vertical and tight F 2 folds and S 2 axial plane schistosity. Mineral lineation and fold axis are parallel and vary from NNE-SSW to NE -SW with weak to intermediate dips ranging between 0 to 50° N and S (Nzenti et al., 1992; Toteu et al., 2004) . In the Poli Group, D 2 phase is associated to regional high-grade metamorphism that emplaced migmatites, anatexite granite, sinistral and dextral faults (Nzenti et al., 1992; Ngako et al., 2008; 2011) . Rb/Sr isotopes data and U-Pb geochronology on zircon of granitoids from the Northern domain in Cameroon support a juvenile domain of Neoproterozoic age with contamination from an older Ebournean crust without any Archean inheritance. The Rey Bouba and Bibemi-Zalbi volcanites occur at ca. 830 Ma and 665 Ma (U-Pb on zr) in the Poli Group (Toteu et al., 1990) , and ca. 645-630 Ma (U-Pb on zr) for the greenstone belt in Rey Bouba (Bouyo et al., 2015) . Epiclastics and metabasalts from the Bibemi-Zalbi yielded 777 ± 5 Ma and 700 ± 10 Ma the (Doumnang, 2006; Isseini, 2011) . Pre-, syn-to late tectonic grainitoids emplaced between ca. 660 and 580 Ma (U-Pb / Zr; Toteu et al., 1987; .
Materials and Methods

Materials
The Boula Ibi region consists of assemblage of various composition gneisses and amphibolites crosscut by magmatic rocks. The intrusives rocks include deformed monzonites in which are intruded undeformed dorites, syenites and granites (Figure 2) . Xenoliths of gabbroic (in monzodiorites) and monzonitic (in syenite, granites and monzonites) composition are observed in all these magmatic rocks. To better constraint the magmatic evolution of these rocks, 27 samples were selected for litho-geochemistry. Among which 09 deformed monzonites samples (JPS1, JPg5, JPg51, JPg1, JPSK-1; JPg33, JPS3, JPg48, JPg17) and 01 xenolith (JPg3); 04 samples (JPg41, JPg52, JPg26, JPS4) of monzodiorite and 02 xenoliths (JPg46, JPg42); 04 samples of granites (JPg30, JPg49, JPS6409, JPS809) and 02 xenoliths (JPg12, JPg13) and 04 sample of syenite (JPS59, JPg10, PNT2, PNT23) and 01 xenoliths (JPg36) for geochemical analyses. Results of these geochemical analyses are presented in Table 1 . 
Methods
Petrographic analyses were made by microscopic observation and mineral modes determined by optical observation. For geochemical analysis, selected samples were cut in to cubes of 5x3x3 cm 3 at the Centre of Geological and Mining Research of Garoua (Cameroon). Samples were ground in an agate mill. Major elements were determined by X-ray fluorescence spectrometry (XRF). Relative standard deviations (RSD) are within 5%, and totals were within 100 ± 1%. REE, HFSE (Nb, Ta, Zr, Hf), and other trace elements were analyzed by Inductively Coupled Mass Spectrometry (ICP-MS) at the ACME laboratory Vancouver, Canada, using the protocol of Jenner et al. (1990) , with standard additions, pure elemental standards for external calibration, and BIR-1 as a reference material. Detailed descriptions of analytical procedures and values obtained for reference materials are given in Fan and Kerrich (1997) . Detection limits are 0.01% for major elements and 0.005-5 ppm for trace elements. The results are presented in Table 1 . Geochemical diagrams were realised with the GCDkit 3.00 software.
Results
Petrography
The Boula Ibi region consists of metamorphites in which are intruded four generations of granitoids; the orthogneiss of monzonitic composition; undeformed diorites, granites and syenites (Figure 1c) .
Banded Gneisses
The banded gneisses extend as metric to hectometric outcrops easily accessible at Mayo Bangay, Babanguel, Boula Ibi, Ouro Kossi, Ouro Boussa and Yorko (Figure 1c ). They include in outcrops, various gneisses and amphibolite layers. From mesoscopic to hand scales, they show pink, grey and dark rock colour with medium to coarse grained, highlight by centimetric to plurimetric layers of meso-, leuco-and melanosomes differentiated into anatectic granite, meta-diorites and amphibolite.
Orthogneiss (Monzonites)
Orthogneiss of monzonitic composition consist of continuous deformed large bodies from map to outcrop scales within banded gneisses (Figure 2 ). They crop out as large bands of NNE-SSW orientation in the Boula Ibi area. They are medium to coarse grained rocks of granoblastic texture (Figure 2a) . Under the microscope (Figure 2b ), they comprise plagioclase (35-40%), quartz (~20%), amphibole (10-12%), biotite (15-20%), k-feldspar (8-10%), chlorite and epidote (~2%). Zircon, apatite, sphene and iron-oxides are accessory. Plagioclase and quartz appear as anhedral either isolated stretched porphyroblasts or recrystallized fine blasts within the matrix. Biotite is in the form of large, contiguous oriented grains that emphasize foliation. It is often overgrown by chlorite. Amphibole is in the form of fine elongated crystals, sometimes associated with biotite.
Diorites
Diorites represented by the samples JPS4, occur at Djabi Boussa (Figure 1c) , as a small massif oriented SW-NE; they are massive, dark, with hetero-granular texture locally marked by the orientation of feldspar and biotite crystals ( Figure 2g ) and enclosed numerous xenoliths of syn-tectonic monzonites. They exhibit a granular texture. The mineralogical composition is made of plagioclase (25-30%), biotite (~22%), amphibole (~15%), quartz (~ 8%) and k-feldspar (4-6%) (Figure 2h ). Pyroxene is rare, while accessory minerals include apatite, sphene, zircon and oxides. Feldspar phenocrysts are euhedral affected by damouritization. Quartz appears as interstitial anhedral crystals. Amphiboles are subhedral phenocrysts, often zoned and associated with biotite or plagioclase with many inclusions of apatite and oxides. Biotite phenocrysts are folded and with zircon and oxides as inclusions. Accessory minerals, apatite, zircon and oxides occur mainly as inclusions in biotite and amphibole (Fig 2h) .
Syenites
The Boula Ibi syenites crop out as NE-SW kilometric massif parallel to meta-monzonite. They consist of medium to coarse grained light to grey colour (Figure 2c ). Under the microscope they are mainly composed of k-feldspar (52-55%), quartz (10-12%), plagioclase (15-18%), amphibole (6-8%) and biotite (10-12%; Figure 2d) . Sphene, zircon, allanite and apatite are found as accessory minerals. K-feldspars are subhedral crystals of variable sizes often enclosing quartz, albite and zircon. Quartz occurs either as anhedral phenocrystals or interstitial microcrystals. Plagioclase is rare and appears as subhedral microcrystals. Biotite and amphibole are isolated crystals or aggregates of a few individuals.
Granites
Boula Ibi granites occur as pink-coloured rock type, narrow elongated band in contact with syenites (Figs. 1c) and exhibit a coarse grained texture marked by abundant feldspar megacrysts (0.5-1 cm). They include quartz (27-30%), k-feldspar (30-35%), plagioclase (12-15%), perthite (15-17%), biotite (5%) and amphibole (2-3 %).
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Xenoliths
Xenoliths in general are dense, massive, dark gray in color, ovoid to elongate in shape and centimetric to decimetric in size. They are fragments of undeformed rock with a granular structure. They consist mainly of amphibole, biotite, pyroxene, plagioclase and quartz. Mineralogical proportions show that they are variable. The xenoliths observed in diorites have the composition of gabbro while those found in syenites, monzonites and granites have the composition of syenodiorites and monzonites.
Geochemistry
Major Elements
Major element concentrations of the Boula Ibi granitoids and their xenolites are listed in Table 1 . Classification diagrams for plutonic rocks by Cox et al. (1979) show that the samples analyzed have a continuous composition of basic to intermediate and acidic rocks (Figure 3a) . They are poor to rich in silica (with a total range of 48,1-75,31 wt% SiO 2 ) and show a high-K calc-alkaline and shoshonitic affinities except for sample JPS64 which portrays an intermediate potassic character (Figure 3b (Chappell & White, 1992) , ranging between 0,7 and 1,1, the analyzed granitoids are metaluminous to slightly peraluminous (granites) and correspond to I-Type granitoids ( Figure 4c ). There is no gap between basic and acidic granitoids suggesting that they may be cogenetic. In major variation diagrams of Harker, the Boula Ibi granitoids define more or less well trends, where Al 2 O 3 , CaO, Fe 2 O 3 , MgO, TiO 2 , P 2 O 5 and MnO concentrations decrease with increasing amount of SiO 2 , whereas the variation of Na 2 O and K 2 O is independent of the SiO 2 variation (Figure 4a-h ). 
, separing shoshonitic, calc-alkaline, high k-calc-alkaline and Tholeiitic domains of Boula Ibi granitoids; (c) A/Nk vs A/CNK molar diagrams after Maniar and Piccoli (1989) . Dotted line shows boundary between S-type granite and I -type granite (Chappell et al., 1992) 
Trace Elements
Trace elements concentrations of the Boula Ibi granitoids listed in Table 1 exhebit important variations. These concentrations are high in Ba, Rb, Sr, V, Zr and low in Co, Cs, Ga, Nb, Th, Ta and U. transitional element (Ni, Co, V) concentrations are low in granites and syenites, moderate in quartz rich-monzonite and high in monzonites and diorites. Rb concentrations are high in acidic rocks (granites and syenites) and significantly very low in basic rocks (quartz monzonites, monzonites and diorites). The Harker diagrams for selected elements (Figure 5a ; 5b) show that Ba, Sr, V, Y concentrations decrease when SiO 2 content increases. In contrast Rh, Ta, Zr, Nb, Th and Ce concentrations increase with increasing concentration of SiO 2 . U and La concentrations are scattered on Harker diagrams. Ba/Sr ratios vary from 1,15 to 3,03 and Ba/Rb between 1,54 and 22,61 these ratios are compatible with those observed in continental calc-alkaline igneous suites (Bertrand et al., 1984; Ayuso & Arth, 1992) . Rb/Sr ratios increase from the low to the high silica concentration rocks. Figure  6h ) are homogenous. They display negative anomalies in Ba, Th, Nb, Ta, Sr, P and Ti.
Discussion
The studied Boula Ibi granitoids exhibit chemical compositions characteristic of metaluminous to weakly peraluminous (Figure 3c ), high-K calc-alkaline to shoshonitic rocks (Figure 3b : Chappell et al., 1992; Chappell et al., 1974) . Such rocks derive from partial melting of igneous metaluminous protoliths relativily rich in potassium (Robert & Clemens, 1993 (Figure 4a ; 4b). Sr and Ba concentrations are compatible and decrease with increasing concentrations in SiO 2 (Figure 5a ). Sr/Ba ratios slightly vary (0,33 -1,07), whereas Rb/Sr ratios increase strongly (0,055 -1,81) with increasing concentrations of SiO 2 . These charateristics are compatible with magma evolution by fractional crystallization (Figure 7b ; Bowden et al., 1974; Provost & Allegre, 1979) of basic to acidic magma and indicate that the fractionation of plagioclase and K-feldspar was the important mechanism in the course of the magmatic evolution of the I-Type granitoids (Djouka-Fonkwé et al., 2008) . According to Stephen (2006) diagrams of ratios of high to slightly incompatible elements La/Sm vs incompatible elements La, generate almost linear depicting for fractional crystallization and high gradient lines showing partial melting.
The studied granitoids show high concentrations in LILE (e.g., Ba, Rb), depletion in HFSE (Cs, Ta, Nb, Tb, Hf), relatively low ratio of Nb/La (0,18 -0,42) but high ratio of Ba/La (10,91 -60,93) similar with granitoids from Central Iforas (Bertrand et al., 1984) . The increase in the rate of mantle fusion produces melt poor in incompatible elements. According to Rapp and Watson (1995) , high rate of partial melting from 20 to 40% of mafic rocks will give rise to melts of basic to intermediate compositions with high concentrations in Al 2 O 3 . The spider diagrams characteristically display negative anomalies for Ba, Sr, Ti, and Nb. These anomalies result from either the low content of these elements in the source or their retention in the residue during partial melting.
The Boula Ibi granitoids have high K 2 O concentrations. K enrichment might be favoured by melting of lithospheric mantle that constitutes a huge reservoir of readily available K-rich component (Liégeois et al., 1998) . However the high and variable contents of lithophile elements, highly variable elements ratios and the lack of correlation among these elements indicate that fractional crystallization or variable degrees of partial melting of the same source cannot explain the relationship among the various granitoids on its own. Compositional differences of melts produced by partial melting of different source rocks under variable melting conditions can be visualized in terms of molar CaO/(MgO + FeOtotal) vs molar Al 2 O 3 /(MgO + FeO t ) diagram (Altherr et al., 2000) . In this diagram, most of the samples of the granite plot in the field of partial melts from metagreywackes while those of diorite, monzonite, quartz monzonite and syenite plot in the field of partial melting from metabasaltic to metatonalitic sources (Figure 7c ). Similar sources are found to the granitoids from many Pan-African domains in Cameroun (Djouka-Fonkwé et al., 2008; Kouankap et al., 2010; Nzolang et al., 2003; Nguiessi et al., 1994; Tagne-Kamga et al., 2003) eastern Nigeria and NE Brazil. These source rocks are predominantly found in the upper part of the lithospheric mantle and/or lower part of continental crust and we suggest that the source for the diorite, monzonite, quartz-monzonite and syenite was metamorphosed upper mantle and lower crustal mafic igneous rocks. However, the absence of isotopic data makes it impossible to draw a definitive conclusion as to this source material.
The Boula Ibi granitoids occur in a high-grade gneiss bloc (Figure 1c) . The Rb/30-Hf-Ta/3 tectonic discrimination diagram of granitoid rocks allows the discrimination of the analysed granitoids into three major groups, i.e. post collision uplift, late-orogenic and post-orogenic (Figure 7a ). Basic rocks (diorite, monzonite, xenoliths) plot in post collision uplift field, whereas intermediate and acidic rocks plot respectively in the late orogenic (syenite) and post orogenic fields (granite). High-K calc-alkaline series evolve during the late stage of the orogeny to particularly enriched potassic facies, occasionally shoshonitic in continental collision setting (Liégeois et al., 1998) . Two main processes are commonly known to constrain the generation of high-K magmas in those convergent tectonic settings (Altherr et al., 2000) : (a) in continental arc settings, where mantle melts can be enriched by slab-derived fluids and further may become contaminated with crustal material during ascent (De Paolo, 1981) ; (b) in syn to post collisional settings, where crustal source rocks melt as a consequence of decompression following delamination of the lithospheric root or slab break off (Roberts & Clemens, 1993; Liégeois et al., 1994) .
In orogenic domains, structures such as foliations, thrust planes and shear zones, and their directions of dip are probably inherited from earlier collision episodes (Allmendiger et al., 1987) . Crustal-scale shear zones are suitable to tap magma at different depths, and magma upward migration is achieved by density contrast and by sucking due to the strike-slip movement along shear zones (D'Lemos et al., 1992) . In addition, post-collisional period is characterized by the large movements of terranes along shear zones and the rise of regional isotherms (Liégeois et al., 1998) .
The Boula Ibi region is located to the nothern part of the Pan-African domain in Cameroon (Figure 1b ). This domain is limited farther to the west by Trans-Sahara-Nigeria domain that includes dextral submeridional and NE-SW synthetic shear zones cross-cutting earlier fold and thrust zones Ferré et al., 1998) . At the regional scale, the collision model of Ngako et al. (2008) suggests that tectonic events througout the Pan-African domains and respective kinematics allow determination of regional strain field compatible with the evolution of tectonic indent in northwestern Cameroon. Related shear zones both in Trans-Sahara-Nigeria and Cameroon-Oubanguides provinces were over printed by right lateral shear movements during a late clockwise rotation of northwestern Cameroon (Ngako et al., 2008) .
Major element geochemistry of Boula Ibi granitoids points to the high-K shoshonitic and calc-alkaline affinity of the investigated samples, implying a subduction-to collision-related geotectonic setting. Structural field observations marked by the conformity of structures (strike and dip of foliation and shear zones) both in the deformed granitoids and basement rocks indicate that the emplacement of Boula Ibi granitoids along dextral shear zone N45°E was synchronous and late to post tectonic (D 2 ). In addition, the fact that basic to intermediate facies (deformed monzonite, diorite) of Boula Ibi granitoids are slightly or strongly deformed whereas acidic facies (granite and syenite) are undeformed suggests that syn-magmatic deformation might have been essential for enhancing the differentiation mechanism (Bea et al., 2005) .
These data are consistent with results of previous studies (Penaye et al., 2006; Isseini et al., 2011) which define the northern Cameroon as a magmatic arc of Pan-African age associated to a collision between Mayo Kebbi and west Cameroon domains. Similar syntectonic features are found in the neighbouring Pan-African plutons in Nigeria (Ferré et al., 1998; Deleris et al., 1996) and in Cameroon (Tchameni et al., 2015; Dawaï et al., 2013; Kouankap et al., 2010) .
Conclusions
The granitoids of Boula Ibi region are magmatic rocks mainly composed of deformed monzonites, hosting diorites, syenites and granites. All these granitoids are bearing basic xenoliths of dioritic to monzonitic composition. Among these granitoids only the deformed monzonites have undergone deformation. Field observations and petrographic analysis point the fact that these deformed rocks are intrusives in gneisses host and syntectonic of D 2 phase of deformation in this region.
All the rock types are strongly metaluninous to weackly peraluminous (granites), high-K calc-alkaline and shoshonitic, and conform to I-type granitoids, that derive from partial melting of igneous metaluminous protoliths relativily rich in potassium. However molar CaO/(MgO + FeOt) vs Al 2 O 3 /(MgO + Al 2 O 3 ) diagram used to point compositional differences of melt produced by partial melting of differents sources shows that these granitoids come from melting of different sources.
Geochemical features marked by: 1) increasing concentrations of SiO 2 from basic to acidic rocks; 2) major elements behavior indicating, negative correlations between Al 2 O 3 , MgO, CaO, TiO 2 , Fe 2 O 3 , P 2 O 5 and SiO 2 : 3) Sr/Ba ratios, Rb/Sr variations with varying concentrations of SiO 2 point for magma evolution by fractional crystalisation of basic to acidic rocks and indicate that the fractionation of plagioclase and K-feldspar was the main mechanism in the course of magmatic evolution. In addition, La/Sm vs La diagram demonstrate that partial melting and crystal fractionation were the main process in magmatic evolution.
Field structural observations and previous works data in the Pan-African northern domain of Cameroon and neighbouring domains of western Tchad and eastern Nigeria show that the Boula Ibi granitoids were emplaced following a dextral shearing tectonic concecutive to a collision between western african craton, the Sao-Francisco Congo craton and the eastern Saharan block during the Pan African orogeny.
